Introduction
within a region where the zonal plant cover is mostly deciduous forest (Braun, 1950; Kiichler, Unshaded rock outcrops in unglaciated eastern 1964) . The vegetation of the outcrops is comUnited States, i.e. south of the glacial boundary posed of unique assemblages of plant taxa, of and east of the 98" meridian (sensu Braun, 1955) , which about ninety are endemic or nearsupport apparently edaphically controlled comendemic. The rock outcrop plant communities munities dominated by herbaceous plants, within this region that have an endemic element in their flora are given in Table 1 . In addition, there are a few cases where an endemic taxon occurs on unshaded outcrops that do not support a distinctive habitat-limited flora (sensu Farmer, 1962) . Examples include Croton alabarnensis E. A. Smith ex Chapman, endemic to (mostly unshaded) shale, sandstone and limestone outcrops in west-central Alabama (Farmer & Thomas, 1969) and Heterotheca ruthii (Small) Harms, restricted to unshaded phyllite rocks in and along the Hiwassee River in extreme southeastern Tennessee (Bowers, 1972) . Two distinct rock outcrop plant communities in the unglaciated eastern United States that do not have any endemics in their flora are the olivine deposits of the southern Appalachian Mountains of western North Carolina and northeastern Georgia (Radford, 1948; Mansberg & Wentworth, 1984) and the sandstone ledges and glades of the greater Shawnee Hills of southern Illinois (Winterringer & Vestal, 1956 ). Autecological studies have been done on a number of the endemics of the Appalachian shale barrens (Platt, 1951) ; granite or granite/ sandstone outcrops (e.g. Lunsford, 1939; Guptill, 1947; Cotter & Platt, 1959; Wiggs & Platt, 1962; Mellinger, 1972; Sharitz & McCormick, 1973; Wyatt, 1983) ; limestone and dolomite glades (e.g. Erickson, 1945; Ware, 1968 Ware, , 1969 Ware & Quarterman, 1969; Baskin & Quarterman, 1970; Baskin, Baskin & Quarterman, 1972; Hemmerly, 1976; ,1975b , 1976 ,1979~1, b, 1981 , 1985a Skinner et al., 1983) , and certain aspects of the autecology of the two serpentine barren endemics Aster depauperatus Fernald and Cerastium arvense L. var. villosissimum Pennell have been studied (Miller, 1977; Hart, 1980) . The purposes of the autecological studies were to: describe the life cycle; determine the factor(s) (e.g. photoperiod, temperature) required for completion of the life cycle or a certain stage(s) thereof (e.g. seed germination, flowering) and/or characterize the responses, tolerances and requirements of the growing plant in regard to the physical (e.g. light, temperature, soil chemistry) and/or biotic (i.e. competition) factors of the environment.
Three hypotheses to account for the proximal causes of endemism in plant species restricted to rock outcrop plant communities and other nonzonal vegetation are: (1) endemics require some special soil chemical or biotic factor provided only by the soils of their restricted habitats (Proctor & Woodell, 1975) , (2) endemics have a low amount of genetic variability and thus narrow habitat requirements (Stebbins, 1942; Stebbins & Major, 1965; Mosquin, 1971) , and (3) endemics are poor competitors for light (i.e. they require a high level of light and thus are shade intolerant) and, consequently, cannot grow in closed vegetation (Griggs, 1940; Gankin & Major, 1964) . Thus, the purpose of this paper is to evaluate the roles of the edaphic, genetic and light factors in relation to the proximal cause(s) of endemism of the rock outcrop endemics of unglaciated eastern United States.
Edaphic requirements
A characteristic that all types of unshaded outcrops in the unglaciated eastern United States have in common is shallow (0-25 cm) soils that are drier than those in surrounding habitats during much of the growing season (e.g. Freeman, 1933; . Soil water content during summer is frequently below the permanent wilting percentage because the shallow soils are subjected to high insolation, evaporation rates of water from the soil are high and precipitation falls as sporadic showers. Thus, endemics are not restricted to rock outcrops because soil moisture is higher there than elsewhere during the growing season.
Numerous observations on the distribution of the endemics indicate that most are not restricted to a particular geological formation,
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and, for many, not even to one type of rock. Wherry (1953) pointed out that several of the shale barren endemics are not restricted to the Brallier (Devonian shale) formation, the rock type on which most the barrens are developed, or even to shale, and listed the endemics that occur also on limestone, sandstone or gneiss. More recently, Wieboldt (1982) reported Clematis coactilis (Fern.) Keener, the typical endemic leather flower of the southern portion of the shale barren region, from limestone and dolomite substrates, and Bartgis (1985) described a limestone glade in West Virginia on which six of the shale barren endemics were growing. Several of the species often proclaimed as being endemic to granite outcrops also occur on Pennsylvanian and Tertiary sandstones. Examples of these include Arenaria uniflora (Walt.) Muhl. (Harper, 1904 (Harper, , 1906b McVaugh, 1943) , Diamorpha cymosa (Nutt.) Britt. (Harper, 1906a, c; McVaugh, 1943; Wiggs & Platt, 1962; Perkins, 1981) and Talinum mengiesii Wolf (Wolf, 1939; Murdy, Johnson & Wright, 1970 (Baskin & Baskin, 1975a; Baskin, Baskin & Aldrich, 1987) . Talinum teretifolium Pursh, a wide-ranging rock outcrop endemic of unglaciated eastern United States, grows on serpentine rock in Pennsylvania (Wherry, Fogg & Wahl, 1979) , Devonian sandstone in West Virginia (Davis & Core, 1940) , Triassic shale (Allard & Leonard, 1962) , Devonian sandstone (Artz, 1964) , hornblende-gneiss (Wherry, 1936) and granite (Berg, 1974) in Virginia, granite in North Carolina and South Carolina, granite and Tertiary sandstone in Georgia (Murdy et al., 1970) and Pennsylvanian sandstone in northeastern Alabama and southeastern Tennessee (Perkins, 1981) . The rock outcrop endemic Talinum calycinum Engelm. grows on dolomite, limestone, sandstone, chert and igneous (rhyolite) glades in Missouri (Steyermark, 1963; Nelson & Ladd, 1983) . The rare winter annual Geocarpon minimum Mack., a near-endemic to Palaeozoic sandstone and chert glades in southwest Missouri, also occurs at a few localities on Quaternary silt and clay alluvium on the Coastal Plain of Arkansas (Moore, 1958; Steyermark, Voigt & Mohlenbrock, 1959; Rettig, 1983) . And finally, populations of Croton alabamensis, a species endemic to two counties in west-central Alabama, grows on Pennsylvanian shale and sandstone at the Tuscaloosa County sites and on Ordovician limestone at the Bibb County sites (Farmer & Thomas, 1969) .
Many of the rock outcrop endemics grow well under cultivation. We have grown most of the twenty-nine southeastern cedar glade endemics and near-endemics in a glasshouse potting mixture of topsoil and river sand. All of them grew vigorously and completed their life cycle. Wherry (1953) reported that six of the shale barren endemics grew successfully in a rock garden '. ..wholly lacking hard shale flakes such as are typical of the barrens'. Platt (1951) grew five shale barren endemics under glasshouse -(apparently in glasshouse potting soil) conditions. He comments that 'Since, however, the five experimental species do well under cultivation, at least these can probably tolerate or even grow better on more favourable soils frequently found adjacent to the barrens'. Steyermark (1963) grew four of the ten Ozark cedar glade endemics in his wild flower preserve in northern Illinois, and he observed that they grew well in an open sunny situation free of competition.
In glasshouse pot experiments, the two serpentine endemics, Cerastium arvense var. villosissimum and Aster depauperatus, produced more than twice as much biomass in nonserpentine as in serpentine soil, although seedling survival was significantly higher in serpentine soil (Hart, 1980) . Miller (1977) found that in glasshouse studies A . depauperatus grew better on nonserpentine and calcium-amended serpentine than on unaltered serpentine soil, when kept free of competition. Bowers (1972) grew the phyllite rock outcrop endemic Heterotheca ruthii from seed to flowering in a glasshouse potting medium of one-half sand and one-half loam, and from this he concluded that '...apparently no special requirements are supplied by the outcrops'. And finally, the strict granite outcrop endemic Viguiera porteri (A. Gray) Blake (=Helianthus porteri (A. Gray) Heiser) grew normally when planted or transplanted into old fields and sandhill habitats and kept free of competition (Shelton, 1963; Mellinger, 1972) .
Somewhat in contrast to the results of the above observations and experiments indicating the unimportance of the edaphic factor per se is the statement by Hart (1980) that the higher seedling mortality of plant taxa restricted to serpentine barrens in southeastern Pennsylvania when raised on nonserpentine ( v . on serpentine) '...obviously contributes to their exclusion from it [nonserpentine soils]'. She suggests that the higher level of nutrients in the more fertile nonserpentine soil may be toxic to serpentine plants or that they may be more vulnerable to disease when grown in nonserpentine soil. However, neither of these suggestions explains why the endemics (and nonendemics) are excluded from the forested areas on the same rock type. Further, the conclusion of Hart (1980) is not in agreement with the results of Miller (1977) who found that, in the absence of competition, serpentine plants grew well in nonserpentine soil. Raven (1964) suggested that there is a connection between edaphic endemism and catastrophic selection. According to his hypothesis, a species growing at the margins of its geographical range may grow in edaphic situations that are unusual for the species. Catastrophic selection in these marginal populations could result in narrow edaphic endemics. Thus, the edaphic factor, perhaps through catastrophic selection, may have played a role in the evolution of some of the rock outcrop endemic taxa, especially those that are closely related to widely distributed taxa within their geographic region. 
Genetic variation and narrow endernisrn
A key question is whether rare and endemic species lack genetic diversity (Drury, 1974) and if this is the cause of their rarity and consequent endemism (Stebbins, 1942) . However, results of studies on genetic variation in endemic and geographically widespread species show that some endemics have considerable genetic variation,, while other have limited amounts (Stebbins, 1980; Primack, 1980) . Several studies have shown intraspecific variation in the rock outcrop endemics. In the shale barren endemics, variability in morphology occurs in the three endemic species of Clematis (Platt, 1951; Keener, 1967) and in Eriogonum allenii Watson (Bellmer, 1968) . Populations of Oenothera argillicola Mack. differ in morphology [two varieties, based on differences in pubescence, have been described (Core & Davis, 1953; Munz, 1965) l and in type and number of chromosomal configurations (Stinson, 1953) , and microgeographic races with respect to seed colour occur in Trifolium virginicum Small (Platt, 1951) . Recently, Bayer & Crawford (1986) In Leavenworthia, a genus of 'even species that are all endemic to cedar glades (Rollins, 1963) of unglaciated eastern United States, interpopulation variability occurs in the breeding system, flower colour and colour pattern, flower and fruit morphology and enzyme pattern (Rollins, 1963; Lloyd, 1965 Lloyd, ,1969 Solbrig, 1972; Solbrig & Rollins, 1977) . In fact, sufficient morphological variation occurs in L , alabamica Rollins, L. crassa Rollins and L . exigua Rollins, that Rollins (1963) described four new varieties in these three species. The amount of genetic variation in Leavenworthia is correlated with the breeding system, rather than geographic range occupied, and (on the whole) the self-incompatible taxa are more variable than the self-compatible ones. For example, the most geographically widespread species of the genus, L. unijlora (Michx.) Britt. (self-compatible), exhibits less variability in morphology than the narrowly endemic L . stylosa Gray (self-incompatible). Furthermore, L . stylosa is more polymorphic with regard to certain enzymes investigated (Solbrig, 1972) . Differences in morphological and ecological characters between populations of the southeastern cedar glade endemic Dalea gattingeri (Heller) ~a r n e b~-( = eta lo stern on gattingeriHeller) were reported by Breeden (1968) , and Erickson (1945) Breeden (1968) concluded that 'Petalostemon purpureum and P. gattingeri do not appear to conform to the generally accepted theory that a widely distributed species should exhibit greater ecological variation than a narrowly restricted endemic, since almost as many ecological groups were demonstrated with P. gattingeri as within P. purpureum'
In the granite outcrop endemic Portulaca smallii P. Wilson, Cotter & Platt (1959) found a considerable amount of (genetic) variation in flower structure between populations. In the granitelsandstone rock outcrop endemic Diamorpha cymosa, interpopulation differences occur in phenology and in physiological tolerances to light, temperature and moisture (McCormick & Platt, 1964) , while genetically controlled population differences occur in phenology and morphology in the granite outcrop endemic Viguiera porteri (Mellinger, 1972) . Significantly, in both D. cymosa and V . porteri, plants used in comparing population differences were grown from seeds produced under uniform growth conditions. This should have eliminated any carryover effects of the environment during seed development on the subsequent generation. Two granite outcrop endemics, Phacelia dubia var. georgiana and P. maculata Wood, showed inter-and intrapopulation variability in morphology, with much more intraspecific variability occurring in P. dubia var. georgiana (Murdy, 1966) . The narrow rock outcrop endemic of west-central Alabama, Croton alabamensis, exhibits morphological (vegetative and floral) and physiological differencks between populations in Tuscaloosa and Bibb counties (Farmer, 1962; Farmer & Thomas, 1969) . Finally, in a recent electrophoretic study of four rock outcrops species of Talinum, Murdy & Carter (1985) found that species polymorphism was high in T. calycinum and T. mengesii, low in T. parviflorum Nutt. and absent in T. teretifolium. However, average polymorphism for individual populations was low for all four species, indicating that '. ..most of the variation within these ~a l i n u m species is between, rather than within, populations'. Interestingly, the proportion of polymorphic loci for the most geographically widespread species, T. parviflorum, was considerably lower than that for the narrowly endemic T. mengesii. Thus, while genetic variation in a number of taxa does not prove that all rock outcrop endemics have a lot of genetic variation, enough taxa have been studied to suggest that lack of geneticvariation per se does not seem to be a common cause of endemism in this group of taxa.
Evidence for importance of light
Field observations indicating that the endemics are restricted to well-lighted portions of the outcrops (even through more shady, but otherwise similarly appearing habitats are present in forests adjacent to the outcrops) suggest that the endemics are shade intolerant. These observations are supported by data from photosynthesis -irradiance (PI) curves, studies comparing growth under various degrees of shading and competition experiments between endemics and taller plants that shade them. (Baskin & Quarterman, 1968) , Isoetes melanospora Engelm., a perennial pteridophyte, and two winter annuals, Amphianthus pusillus Torrey and Diamorpha cymosa (Lammers, 1958) . Isoetes melanospora and A. pusillus are strict endemics of seasonal pools on granite outcrops, and D. cymosa is an endemic of granite and sandstone outcrops. In P. subacaule, the whole plant (with all leaves at one level perpendicular to the light source) was not light saturated at 65,000 lux, the highest illuminance used, and using groups of 75-100 plants, neither I. melanospora, A . pusillus nor D. cymosa were light saturated at illuminances below 108,000 lux. In the latter three species, the light compensation points were unusually high, perhaps a result of soil respiration and selfshading.
Further information on the relationship between photosynthetic performance and light level in the rock outcrop endemics is contained in studies on structure and function of the granite outcrop ecosystem by Lugo (1969) , McCormick, Lugo & Sharitz (1974) and Lugo & McCormick (1981) . Of the endemics studied at the individual plant level, these workers gave particular attention to the summer annual Viguiera porteri. Field measurements of the rates of net photosynthesis (P) during the day and dark respiration (R) at night during both clear and cloudy weather showed that (1) whereas on sunny days the P/R ratio for V . porteri was greater than 2, on cloudy days it was less than 1, and (2) photosynthetic rates remained high at high irradiances. It should be pointed out, however, that even in cloudy weather the P/R ratio was greater than one for the daytime period.
Photosynthetic pathways (C3, C4, CAM) of several of the endemics have been determined based on the plants' physiology and/or anatomy. The endemics studied include Arenaria unifiora and Talinum teretifolium (Martin, Lubbers & Teeri, 1982) , Portulaca smallii (Martin et al., 1982; Green, 1983) , Sedumpusillurn Michx. and Diamorpha cymosa (Teeri, 1982 (Teeri, , 1985 Martin et al., 1982; Green, 1983) , Isoetes tegetiformans Rury (Keeley, 1982) , Talinum calycinum (Martin & Zee, 1983) , Amphianthus pusillus, Phacelia maculata, Viguiera porteri and Cyperus granitophilus McVaugh (Greene, 1983) (Baskin & Baskin, 1985b) . The physiological data and/or anatomical observations show that, except for Portulaca smallii, Cyperus granitophilus and Isoetes tegetiformans, all these endemics use the C, pathway of C 0 2 fixation. Portulaca smallii and C. granitophilus are C4 plants, and diurnal changes in titratable acidity and malic acid strongly suggest that I. tegetiformans uses CAM. It is interesting to note that in the true succulents Talinum teretifolium, T. calycinum, Portulaca smallii, Sedum pusillum and Diamorpha cymosa, CAM is not an important pathway for C 0 2 fixation and that the drought tolerant summer annual Viguiera porteri (Mellinger, 1972; Phillips, 1981 ) is a C3 plant.
(B) Effect of shading
A few studies have compared the growth of rock outcrop endemics in-full sun and under various levels of shading. Well-watered plants of Astragalus tennesseensis, a near-endemic to cedar glades, grew best in full sun, and growth was poor under a shade screen where illuminance was reduced to 18% of that in full sun (Caudle, 1968) . Baskin & Quarterman (1968) obtained very similar results when plants of the cedar glade endemic Pediomelum subacaule were grown in full sun and under two levels of shading. In a study of Dalea gattingeri, another cedar glade endemic, plants in full sun grew best, and those grown under 68%, 47% and 32% full sun accumulated 66%, 27% and 25% as much dry weight, respectively, as did those with no shading (Breeden, 1968) . Plants of the granite outcrop endemic Portulaca smallii grew best in full sun (inside a glasshouse), and growth declined progressively as illuminance was reduced to 33% full sun (Cotter & Platt, 1959) . Platt (1951) grew plants of five shale barren endemics -Oenothera argillicola, Eriogonum allenii, Trifolium virginicum, Clematis viticaulis Steele and Senecio antennariifolius Britton -for 4 weeks under three levels of light (full sun, dense shade and an intermediate level). Plants of all five species grew normally in full sun. In deep shade, 0.argillicola made no growth and died, and the other four species did not grow. At the end of the experiment, plants at the intermediate light level were still healthy but had made little or no growth.
Farmer (1962) transplanted 1-3-year-old plants of Croton alabamensis from the field to garden plots and grew them for 3 years under the deep shade of a forest canopy and in full sun. Plants in full sun grew much larger than those in heavy shade. In the third year, abundant flowers and fruits were produced by plants grown in full sun, but none of the plants in heavy shade flowered. From this study and from observations on growth and reproduction in the field, Farmer concluded that '...Croton alabamensis not only tolerates the full sunlight which is characteristic of the habitat but apparently requires this high
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light level for effective growth and development of vegetative and reproductive structures'. This species does not reproduce vegetatively (Farmer, 1962) .
(C) Experiments on competition
The effect of shading by competitors has been studied in several of the endemics. Growth of seedlings of Talinum calcaricum Ware, a cedar glade endemic, and T , mengesii, an endemic of sandstone and granite outcrops of the Southeast, was greatly reduced when grown with and shaded by nonclipped Kentucky bluegrass seedlings. On the other hand, growth was only slightly reduced in the treatment where shoots of the bluegrass seedlings were kept clipped to near the soil surface and thus not allowed to shade seedlings of Talinum (Ware, 1968) . In the cedar glade endemic Dalea gattingeri (Breeden, 1968) and the near-endemic Astragalus tennesseensis (Caudle, 1968) , seedling growth was greatly reduced when plants of these two perennial species were forced to compete with annual grasses. Breeden (1968) found D. purpurea to be a better competitor than D. gattingeri, and he suggested that this '...may account, at least in part, for the dissimilarities in the distribution range of the two species'. Plants of the two cedar glade endemic winter annuals Leavenworthia alabamica and L. crassa died in competition with Poa annua L. in an unweeded portion of an experimental plot, whereas those in the weeded portion of the plot grew normally and produced seeds (Rollins, 1963) . In northern Alabama, Lloyd (1965) observed that plants of these two species competed poorly with the invading weed flora in abandoned agricultural fields. The summer annual granite outcrop endemic Portulaca smallii exihibited less growth when grown without ryegrass (Cotter & Platt, 1959) , and the winter annual granite/sandstone outcrop endemic Diamorpha cymosa died when grown with mustard, ryegrass and zinnia (Wiggs & Platt, 1962) .
In a study of the effect of light competition on the strict granite outcrop endemic Viguiera porteri, Shelton (1963) planted seeds of this species in cleared and uncleared plots in a sunny old field and in cleared and uncleared plots in a shady pine thicket. Although about 200 seeds germinated in each plot, only plants in the sunny, cleared old field area completed their life cycle. Plants in the sunny, uncleared plots were shaded out by weeds, and those i n both the cleared and uncleared plots (of undergrowth) in the pine thicket died after reaching a small size. In still another study on the competitive ability of V . porteri, survival, biomass, height and numbers of branches, leaves and flowers were greatly reduced in plants grown from seeds and seedlings planted (or transplanted) into unaltered vegetation of a 1-year-old field and into a sandhills plant community. In the competitionfree plots, V . porteri exhibited good survival, growth and reproduction (Mellinger, 1972) . The serpentine barren endemic Aster depauperatus competed poorly with a mixture of several agricultural species on serpentine, calciumamended serpentine and schist soils but grew well on all three soils in the absence of competition (Miller, 1977) . Miller (1977) concluded that 'As a result of the character of the soil and competition, serpentine-restricted plants are able to survive in a region which willnot permit more competitive plants to grow'.
The role of 'biotic competition' and physical stress in shaping community structure (plant zonation) within 'vegetation islands' on granite outcrops of the southeastern United States have been studied (Cumming, 1969; Sharitz & McCormick, 1973; McCormick et al., 1974; Meyer, McCormick & Wells, 1975) . These authors concluded that differential tolerances, requirements and (interspecific) competitive abilities among the dominant (also endemic) species are the important factors shaping community structure in this three-zone ecosystem. The winter annual Diamorpha cymosa, dominant in the shallowest soil zone, competed poorly with the winter annuals Arenaria uniflora (or A . glabra Michx.), dominants in soil of intermediate depth, when soil moisture did not limit growth of Arenaria. Conversely, A . uniflora (or A. glabra) competed poorly with the taller summer annual Viguiera porteri, dominant in the deepest soil zone, when soil depth and soil moisture were favourable for growth of V . porteri (Sharitz & McCormick, 1973) . With regard to competition, Meyer et al. (1975) believe that Diamorpha is restricted to the shallowest soil zone of the outcrop islands because of this inability to compete with Arenaria for nitrogen, magnesium and potassium, while the inner boundary of the Arenaria zone is determined by its competition for nitrogen with Viguiera.
Unfortunately, the importance of light in competition between Diamorpha and Arenaria or Arenaria and Viguiera was not factored out in these experiments. Considering the high density of the plants (Sharitz & McCormick, 1973) Several plant species that are aggressive weeds in fields and waste places occur on the outcrops. Thus, the question arises as to why the endemic plants do not suffer from competition. The answer seems to be that, due to the harsh environment, the weedy species are not nearly as vigorous and aggressive on the outcrops as they are in disturbed, man-made habitats.
Concluding remarks
In their review of the relationship between endemism and peculiar edaphic factors, Gankin & Major (1964) state that i n all cases studied, rare or disjunct plants occur where competition (for light) from the zonal vegetation is either decreased by some extraordinary soil parent material or is continuously disturbed. Certainly, the rock outcrop endemics of unglaciated eastern United States occur in habitats where competition from zonal vegetation is minimal or nonexistent. Platt (1951) , Cotter & Platt (1959) , Lammers (1958 ), Wiggs & Platt (1962 and Baskin & Quarterman (1970) suggested (1) that the rock outcrops apparently are the only habitats within an endemic's region of geographical distribution where long-term physiological requirements are met, and (2) since such habitats are rare (except locally) so are the taxa whose requirements can be met only in association with the outcrops. We hypothesize that a high photosynthetic photon flux density is an obligate requirement common to all the rock outcror, endemics and that it is an important factor restricting the endemics to the outcrops. This hypothesis is supported by the observations that the endemics (1) are restricted to well-lighted habitats on the outcrops, i.e. they do not invade adjacent forests, (2) grow and photosynthesize best in full sun, and both of these processes are greatly reduced by heavy shading, and (3) compete poorly with plants that shade them.
However, since many geographically widespread weedy plant species also are shade intolerant, the obligate requirement for high photosynthetic photon flux density obviously is not the sole cause for the restriction of the endemic species to rock outcrops. Only when the effect of shading on photosynthesis and growth is considered along with such other things as the individual species' growth form, life history ecology, including seed dispersal and seedling survival, and (perhaps) susceptibility to disease and predation in open versus shaded habitats can the proximal cause(s) of narrow endemism in these obligate heliophytes be fully explained. Since some of the common weeds of eastern United States may have evolved on rock outcrops (Wyatt & Fowler, 1977; Marks, 1983) , comparative studies of the biology of rock outcrop endemics and certain weedy species may provide a key to understanding the prbblem of endemism in the rock outcrop plant communities of unglaciated eastern United States (cf. Hart, 1980) .
